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Intraduction

Worldwide climate modeling centers participating in theClimate Model
Intercomparison Program (CMIP5) proediclimate information for the Fifth Assessment
Report (AR5) of the Intergovernmental Panel on Climate Change (IPCC). The output from the
CMIP5 models is typically provided on grids of ~1 to 3 degrees in latitude and longitude
(roughly 80 to 230 km at 45°titude). To derive higher resolution data for regional climate
change assessmeritse Multivariate Adaptive Constructed Analogs (MACHAlethod was
applied tostatistically downscaled maximum and minimum air temperature and precipitation
from 20 of the CMIFS models to produce thHdACAV2-METDATA dataset on a km grid
(Figure 1) over the continental United Stat@batzoglou J.T. and Brown T.Jnternational
Journal of Climatology2012, doi:10.1002/joc.23)2The data set was bias corrected using the
METDATA observational data seAlpatzoglou J. T.International Journal of Climatology

2011, doii0.1002/joc.3418
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Figurel.

TheMACAV2-METDATA dataset include0 climate models for historical and 21
century simulations fawo Representative Concentration Pathways (RCP) greenhouse gas

(GHG) emission scenarios developed for AR5. (Further details regarding the science behind
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developing and applying the RCPs areegi by Moss et alNature Volume 463, 2010,
doi:10.1038/nature08823)he USGS National Climate Change Viewer (NCCV) includes the
historical and future climate projections fr@@ of the downscaled models for two of the RCP
emission scenarios, RCP4.5 &R@P8.5. RCP4.5 is one of the possible emissions scenarios in
which atmospheric GHG concentrations are stabilized so as not to exceed a radiative equivalent
of 4.5 Wm? after 2100, about 650 ppm G@quivalent. RCP8.5 is the most aggressive emissions
scenaio in which GHGs continue to rise unchecked through the end of the century leading to an
equivalent radiative forcing of 8.5 Wabout 1370 ppm C{equivalentFor perspective, the
current atmospheric CQevel is abou#t16 ppm. Additionally, we have esl the climate data
(temperature and precipitation) to simulate changes in the contiguous United States (CONUS)
water balance over the historical and future time periods (Hostetler, S.W. and Alder, J.R., Water

Resources Research, 52, 2016, doi:10.1002)2R®18665).

The NCCV allows the user to visualize projected changes in climman;minimum,
andmaximumair temperature and precipitation) and siraulatedwater balance (snow water
equivalent, runoff, soil water storagend evaporative deficit) fa stateor county andor USGS
Hydrologic Unis (HUC) HUC4 and HUC8USGS HUCs are hierarchical unitswatershed
area For examplethe CaliforniaNorthern KlamathCostalHUC4, spars anarea o0f4.3x1¢ km?
whereas th&pper Klamath Lake, OregohlUC8 subbasirwithin that HUC4 spans aarea of
1.8x1G km?. To create a manageable number of permutatiotie viewer, we averaged the
climate and water balance data into four climatology periods:-20&0, 20252049, 20560
2074, and 2072099. The 1982010 range represents the current climate normal period;
although, thevJACAv2-METDATA dataset is bias corrected over th879-2012 period(see

details herg The viewer provides many useful tools for exploring climate change such as maps,


http://water.usgs.gov/GIS/huc.html
https://climate.northwestknowledge.net/MACA/MACAproducts.php
https://climate.northwestknowledge.net/MACA/MACAproducts.php

climographs (plots of monthly averages), histograms that show the distribution or spread of the
model simulations, monthly time series spagri®502099,the ability to view individual model
spread by combinations of variables (e.g., temperature and snow water equiaatetdaples

that summariz@rojections for eachariable. The application also provides access to summary
reportsof climate and water balance variabie$?DF format and CS¥lles of monthlytime

series Users caralsodownload thechart data used within the application as compressed JSON
files. The giddedMACAV2-METDATA dataare availabléen NetCDF format from thMACA

web site(https://climate.northwestknowledge.net/MACA/index.ptgnd thewater balancelata

are availablédrom USGS ScienceBasfhttps://doi.org/10.5066/P9B2022V

Overview of the USGS National Climate Change Viewer

Interpreting output from many climate models in time and space is challenging. To aid in
addressing thathallenge, we have designagliewerthatstrikes a balance between visualizing
and summarizing climate information and the complexity of navigating the site. The features of
the viewer are readily discovered and learned by experimenting and interactireyeh, for

reference we provide the following tutorial to explain most of the details of the viewer.


https://climate.northwestknowledge.net/MACA/index.php
https://doi.org/10.5066/P9B2O22V

Controls map navigatigrandcharts
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Figure2

The main window of the NCCMWHgure 2) displays maps of future change (the
difference between the historical period and the selected periadjalectealimate or
waterbalancevariableandrelatedselectableharts and table¥he mays providethe spatial
variability of change across tltentiguous United Statestates, and countieBhe dropdownson
the lefthand side of the application indicate the current selection of place, month or season,
variable,climate model, emission scenario, and climatology period, which determine what is
displayed in the maps aratcompanying charts and tabléfie application supports English or
metric units throughouChanging any of the settings updates all components of the viEieer.
right-hand menu lists a serie§charts in the application for visliEng climate projections for
the selected place. We detail each of these charts and views in individual sections below.
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The county, stater watershed of interested can be seleettterby the dropdown
menus in the left control panel or by clicking the map, whiclhighlights the area of interest
cyancolor. The map can be panned and zoomed using the mouse, scroll wheel, budioths
in top left of map Figure 3) or by using the keyboard (up, down, left, right keys to pan and +
andi keys tozoom). The map needs to be selected for keyboard navidatten the tab key or
shift+tab keys are used to navigate web pages without the use of a nMdete)me icon in top

left of map returns the map wew full CONUS.

Change in Mean temperature (°F)

State of Oregon GEQ, Esri, HERE, Garmin, FAQ, NOAANISGS, EPA | none | USGS NCCV

Powered by Esri

Figure3

Climate projectionganbe viewed for each of the twelve monteeasonal averagése.,
Winter: December, January, February; Spring: March, April, May; Summer: June, July, August;
Fall: September, October, Novemhehdannual average. Th@&imograph chart will only
display the twelve calendar months. The application currently displagsariables: mean

temperature (the average of min and max temperature)mmartemperature, mimum



temperature, precipitatiomapor pressure deficisurface unoff, snow water equivalent (SWE),
soil storage, and the evaporative deficit, which is the difference between potential
evapotranspiration and actual evapotranspiratimhs a measure of aridityndividual climate
models or the average of all the mad@ean Modelkan be selected thedropdown boxThe
scenario andlimatology period menus(Figure 2) allows the user to select either the RCP4.5 or
the RCP8.5 scenario ande of thredime period of interest:20252049,20502074 or 2075

2099 Changes are all relative to the 198110 historical periodThe maps always display
anomalies (fture minus historical differences), but the Climograph and Ensemble time series

charts can display either raw values or anomalies.
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The Climograph chart displays the seasonal cycle for the selected locaticlimeatd
variable comparing the historical period (198110) to a future period for the RCP4.5 and
RCP8.5 scenarig$-igure 4). The error bars represeéhil standard deviation withithe
climatology period (ie 205Q@074), a measure of temporal variabilifhe mouse can be used to

hover over the month circle symbolsdisplay the numeric values. Clickinige circle symbols



changsthe selected scenario, month, and upsitte map display. Individual series can be

shown or hidden by clicking on the legend.
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The chart can also display changeshe seasonal cyclghich highlightsthe magnitude

of monthlychange projected at this locatidriqure 5).
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All charts within theapplication can be exported for download in various image formats

by clicking the [ é] menuFigur@6.t he top right of



Model agreement
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The Model agreement chart displays a histogoathe future changesmulated by each
climate model Eigure 7). This graphic is a useful way to quickly determine if the climate
models are simulating changes of similar sign and magnitndeives a summary of the model
spread In the example abové9 out of 20 climate modelsimulateincreased winter
precipitation in Benton County, Oregon in 265074 under the RCPBscenarioHowever,
there islack of agreemerdn the magnitude of the increase, with most models simulating a
modest 0.25 0.75 in/mo increase. Hovering the mouse over the histogram columns displays the
individual models in each bin. Clicking on the histogram column will cycle through the models

within each bin.

To the rightof the histogram chart are two addital metrics for model agreement and
statistical significance of the simulated changes. The top number indicates the perced@of the
modek that share the same sign as the ensemble median. The text is color coded into three
categories: low (red, <60% agment), medium (orange: 6@B0% agreement), high (green >

80% agreement) he lower number indicates the percent of the ngittek share thbothsign



as the ensemble median and are statistically signiflzzsdd ora Mann-Whitney rank tesp <
0.05).In the example abovéigure 7), a majority 5%, 19/20 mode)of the models simulate
an increased winter precipitation in Benton County, Oregon, buti®@t(2/20 modelspf the
model changes are positive and statistically signifiCBms can be coaborated in the Data

table view.

Ensemble timeseries
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The Ensemble timeseries chart displays the-pgarear climate projections for the
ensemblemedianand10™ to 90" percentilerange from 195099 Figure 8). The percentile
range omits the highest and lowest models, but plots 80% of the ensembl2@ienb6els).
Unlike the previous charts, tmeodel selection in left control panel does not apply here, as the
ensemble is displayed rather than an individual model. The map will still reflect the currently
selected climate model. Like the Climograph chite,timeseries can be viewadeither raw
values or change (relative to the 198110 base period}-{gure 9). The mouse can be used to
hover over the timeseries to display detailed information for an individual year. The chart cannot

be clicked on to ugate the map selection.
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(® English .
State of Oregon GEQ, Esri, HERE, Garmin, FAC, NOAALUSGS, EPA | nol
Model Historical Future Change Units Significant
MeanModel 52.39 57.34 4.95 °F Yes
bee-csm1-1-m 52.63 56.47 3.84 °F Yes
bee-esm1-1 52.95 58.02 507 ‘F Yes
BMNU-ESM 53.06 59.39 6.34 ‘F Yes
CanESM2 52.6 58.76 6.16 ‘F Yes
CCsM4 52.54 56.58 4.04 ‘F Yes
CNRM-CM5 52.61 56.79 417 ‘F Yes
CSIRO-Mk3-6-0 52.19 57.22 5.02 °F Yes

FigurelO
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The Data table displays the full tabular information for the current selection of location,
variable,scenario andlimatology period for alR0 climate modelsThe columns can be sorted
by value and the rows can be clicked on to select an individualtelimadel. Used in
combination, these features can be useful to sort the climate models by the magnitude of the
future change and click on individual rows to visualize how the spatial patterns of change vary

among high or low sorted models.

Scatter plot

State
Oregon Benton, Oregon change in Winter Mean temperature vs Precipitation RCP8.5 2050-2074 (relative to 1981-2010)
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W CCsm4 CNRM-CM5 B CSIRO-Mk3-6-0 W GFDL-ESM2G GFDL-ESM2M HadGEMZ2-CC365
& HadGEM2-ES365 & inmcmd IPSL-CMBA-LR & IPSL-CM5A-MR IPSL-CM5B-LR & MIROCS
& MIROC-ESM MIROC-ESM-CHEM MRI-CGCM3 @® MNorESM1-m
Click on the chart or legend to hide/show models.
x-axis variable: Mean temperature + y-axis variable: Precipitation -
Variable Ensemble mean Ensemble min Ensemble max Selection mean Selection min Selection max
Mean temperature 4.50 °F 2.34°F 6.77°F 4.50 °F 234°F 6.77°F
Precipitation 0.71 in/mo -0.35in/mo 1.84 infmo 0.71 infmo -0.35in/mo 1.84 in/mo

The Scatter plot graph allows users to explore multivariate response of climate change for

a given locatior{Figure 11). The graph plots the future minus historical changes for two
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selectectlimateor water balanceariablesfor a givenmonth,scenario, analimatology period.

This chartis useful to users interested in climate model selection for additional analysis, where it
might be impractical to use the full model ensemble. Individual climate models can be turned on
and off by clicking on the symbol in the chart or on the legend. Below the ttiedatble displays

the full ensemble mean and range in addition to the current selection mean and range when a
group of models hae beenexcludedIn the example oFigure 12, 14 out of 20 models have

been disabledAs indicated by the close agreement of@hraodel selection mean (black square)
and the full 2émodel ensemble mean (black cirdleg change in temperature and precipitation
means and rang@s the subset 0 models ispreservegindicating that these models are
representative of the full ensemble for this location and selected varigb&eScatter plot can

also be useful to test the response of removing models that may be outliers teldw/Erger

ensemble.
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State.
Oregon Benton, Oregon change in Winter Mean temperature vs Precipitation RCP8.5 2050-2074 (relative to 1981-2010)
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Click on the chart or legend to hide/show models.
x-axis variable: Mean temperature + y-axis variable: Precipitation -
Variable Ensemble mean Ensemble min Ensemble max Selection mean Selection min Selection max
Mean temperature 4.50 °F 2.34°F 6.77 °F 4.51°F 2.34°F 6.77 °F
Precipitation 0.71 in/mo -0.35in/mo 1.84in/mo 0.75 infmo -0.35in/mo 1.84 in/mo
Figurel2

Download data

Chart data, monthly time series and summary PDF reports for each county, state, and
watersheatan be downloaded either English or metric unit§igure 13). The PDF reports
(Figure 14) provide a comprehensive summary of the climate projections for a giveioioca
through a suite of graphics similar to those found invibeer. Graphics are provided for all the
variables used in the applicatiofrhe PDF reports summarize the mbelesemble rather than an

individual model.

The downloadableomma separated variable (CSi@s contain the 1952099 monthly

timeseries of all variables for both RCP4.5 and RCPEdu(e 15). Time series files for each
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model are available for additiahanalysis outside the applicatidvietadata is included to

describe the file contents and the monthly values for the two scenarios are registered in time by

the model year and month. Note that the data are the raw averages and not the differences
betweerthe scenarios and the historical peridbbe data files used to create the charts within the
application can also be downloaded as compressed JSONAfids.not in the Download data

view, any chart displayed in the application can be downloaded lyiclikig t he [ €] menu

top right of each graphic (s&égure 6).

English Metric
* *
Location Benton, Oregon Summary Report T PODF X PDF
Variable Mean temperature
Timeseries & Csv + Csv
Model Mean Model
Chart Data + JSON.GZ + JSON.GZ
Figurel3
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Figurel4

Figurel5
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